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1 . BBEAEHI1E 

113y4eH~e 3M~CCM~ nerK~X SapAmeHH~X 4BCT~4 B CTOI1KHOBeH~AX 
ABYX CI10mHWX AAep - OAHO ~3 ~HTeHC~BHO pa3B~Ba~~~XCR Hanpasne
H~A $~3~K~ TRmenWX ~OHOB, Q6sop~ ony6n~KOBBHHWX HB 3TY TeMy 
pa6oT AaHw s 11-5'. B nocnegH~e roAW w~poKoe pacnpocTpaHeHHe 
nony4~nH KoppenRI..l~OHH~e 3KcnepHMeHTW. OH~ ga~T 4eHHY~ ~H¢opMa-

4~~ 0 MeXBH~3MBX o6pa30BBH~R nerK~X 3apRmeHHWX 4BCTMI..l, BWCTpOeH
HOCT~ cn~Hos, pacnpegeneH~~ yrnosoro MOMeHTa ~ 3Hepr~~ sos6ymAe
HMR Memgy conpRmeHHWM~ npogyKTBM~ RAepHOR peaKI..l~~/6-8/, 

B HaweR pa6oTe ' 9 ' H3y4anocb o6pasoaaHHe nerKHX sapRmeHHWX 
4BCTH4 s peaK4~~ natAg+4°Ar /285 M3B/ B conocTaaneH~~ c npo
AYKTaM~ MHOrOHYKI10HHbiX nepega4. Dbii10 ycTaHOBI1aHO, 4TO OCHOBHOR 
BKI1BA B Ce4eH~C o6pa30BBHIIIR ~HKI1103~BHbiX a ·-qacT~l.l AB~T a -qaCTH-
4bl C C~MMeTpH4HbiM OTHOCI-1TCI1bHO 90° El CHCTeMe o6U\ero 4eHTpa 
Mace yr noBbiM pacnpegeneH~eM _ 3HeprHR a Mal<c~MyMax 3HepreT~Yec

KHX cneKTPOB a-4aCT~4 6wna 6n~3Ka K BCI1~4HHe KYI10HOBCKOro 
6apbepa cocTaaHoro Rgpa. B nepegHeR nonyc$epe 6wn~ saper~cTpill
poaaHw TBKme a-4BCT~4W, Ha~6onee sepOHTHBR 3Hepr~A KOTOPWX 
npeawwana KYI10HOBCKHA 6apbep COCTaBHOrO Rgpa, a BWXOA 3KCnOHeH-
4~BI1bHO yMeHbwancR c ysen~YeH~eM yrna perHCTPB4Hill. AHaniiiS 6a
naHca CC4CHHR yKa3WBBI1 Ha TO, 4TO OCHOBHBR 4aCTb BCCX nerKHX 
sapRmeHHWX 4BCTill4 o6pasyeTcR s npo4eccax c 3Mwcc~e~ 6onee 4CM 
OAHOR 4BCTilll.lbl 8 OAHOM BKTe B3B~MOAeRCTBIIIA. 3TO o6CTOHTei1bCTBO 
n03BOI1ReT nposeCT~ HSMepeH~R KOppei1A4~R MCmAY nerKiiiM~ 4aCT~4BMill. 

HacToR~aH pa6oTa nocsR~eHa ~sMepeH~IO yrnoswx ill 3HepreTH4ec
K~x KOppenRI..l~~ ABYX a-4aCT~l.l B CVICTeMe na.tAg + 40Ar /285 M3B/ 
KBK 8 OAHOR n!10CKOCTM, TBK ill 80 B3BIIIMHO-nepneHg~KYI1HPH~X nnoc
KOCTHX, o6pa3yeMb!X HanpasneHHCM Bbii1CTa a -4aCTVILI ~ OCb~ ny4Ka, 

2. METOAHKA 3KCnEPHMEHTA 

Onhlrw npoBOAHn~cb Ha swseAeHHOM ny4Ke 310 eM. LI~KnoTpoHa OHRH. 
MHweHb ~3 HaTypanbHoro cepe6pa Ton~~Ho~ 4,4 Mr/cM2 o6ny4anacb 
MOHaMH 40 Ar c 3Hepr~e~ 300 M3B. B cpeAHeR nnocKocT~ M~WeH~ 
3Hepr~R ~OHOB COCTBBI1HI1B 285 M3B. K 3TOR 3Hepri11M MW ~ OTHOCMM 
see nony4CHHWe gaHHwe. Anb$a-4acT~LIW perillcTpillposanMcb ABYMH Te
necKonaMM nonynposOAH~Koswx AeTeKTopos. Ton~~Ha KpeMH~eswx no
sepxHOCTHo-6apbepHWX A~ACTCKTOpOB COCTaBflAI1a 25 M 29 MKM, 
nosepXHOCTHQ-6apbepHwe E-geTeKTOPW 6wnH ~3rOTOBI1eHW ~3 KPCMH~fl 
p-T~na ~ ~Men~ TOI1~~HY 4YBCTB~TCI1bHO~ o6nacT~ AO 5 MM /lO/. flep-
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Bbli1 TCJleCKon pacnonaraJ1Cfl nOA yrnOM 81 =90° n.c. K ny4Ky. np1-1 

H3MepeHHRX B OAHOi1 nnOCKOCTH, COAepma~ei1 OCb ny4Ka H Hanpasne

HHR perHCTpa l.lHH a -4aCTH4 060HX TCJ1CCK0110B, yr Jlbl 8
2 

perHC Tpal.\1111 
a-4aCTHI.\ BTOp~M TeneCKOnOM no OTHOWCHH~ KOCH ny4Ka MCHAJlHCb B 

npe.qenax OT .:!:_30° .qo .:_128° n.c. 3HaK "nn~c" ,QilA yrnoe 82 cooTeeT
cTeyeT pacnonomeHH~ TCJlCCKOnOB no OAHY CTOpOHY OCH ny4Ka, 3HaK 
11

MI1HYC
11 

- no pa3HbiC • .[lmi I-13MepeHHi1 BHe nJlOCKOCTH nepBbli1 TCJlCCKOn 
noeopa4HBaJ1Cfl Ha 90° B nJlOCKOCTH, nepneH,QI-1KYI1RpHOi1 OCI-1 ny4Ka. 

TaKHM o6paaoM, AilR KamAoro 1-13 yrnoe 82 BToporo TenecKona npoeo

AHJ11-1Cb H3MepeHr.1R coenaACHI-1i1 a-4aCTH4 np11 pacnonomeHHH nepeoro 

TenecKona noA yrnoM 81 =90° n.c. KaK e o6~ei1 AilR o6o11x TenecKo
noe H OCH nY4Ka 11J10CKOCTI1, TaK 11 nepneHAHKYilRPHO K Hei1. 

Pa3Mep ny4Ka Ha MHWCHH COCTaBJlRJl 4xll MM 2 • BXOAHble KOJ1Jli1MaTo
pbl TCJlCCKOnOB HMCJ111 OTBCpCTHR AHaMeTpOM 5 MM, pacnonaraBWI1CCfl 

Ha pacCTORHI-111 60 MM OT 4eHTpa MHWCH11, 4TO COOTBCTCTBOBaJlO CPCA
HCMy TCJleCHOMy yrny 5,5 MCp. 

3neKTPOHHaR annapaTypa e cTaHAapTe KAMAK o6ecne411eana o.q

HoepeMeHHY~ perHCTpa411~ 3HepreTH4CCKHX.CneKTpOB HHKJ1~31-1BH~X r.1 

coenaAa~~Hx a-4aCTHI.\ c o6o11x TenecKonoe, a TaKme epeMeHHoi1 

3aAepmKH MemAy cr.1rHanaMH c pa3HbiX TenecKonoe t. Bee co6biTH.A 

sanHCbiBaJlHCb Ha MarHHTHOH JlCHTe 38M 11MHHCK-32" C perr.1CTpa411Ci1 

5 napaMeTpoe: L'lE 1, E 1 , L'lE2 , E 2 , t • C 4e!lbl0 KOHTpom1 3¢(jleKTHB
Hoc TH perr.1c Tpa 1.\HH Ka K HHKJ110311BHbiX, Tai< 11 COBI1a,Qai0~11X C06biTVIi1 Ha 

BXOAbl 11PCAYCHJlHTeJlei1 o60HX L'lE-AeTeKTOPOB VI o6o11x E -AeTeKTopoe 

nOAaBai!HCb 110A06paHH~e no aMnJlVITYAC, tf>OpMe H BpeMeHH 3aACPM<KH 
VIMnynbc~ oT reHepaTopa. 3anycK reHepaTopa ocy~ecTBil.AJlCR VIMnynb

caMVI C MOHVITOPHOrO ACTCKTOpa, perHCTpVIpyiO~ero ynpyro paCCCRHH~e 
HOHbl nO,Q yr!lOM 30°. npVI TaKOM sanycKe 411CJ10 VIMnyi!bCOB reHepaTO
pa, 3aperi1CTpV1pOBaHH~X KaK B aMI1JlHTYAH~X, TaK H BO BpeMCHH~X 
KaHanax, AaeT B03MOmHOCTb KOHTpOJlfl peaJlbHOrO MCPTBOrO BPeMCHH 
3JleKTPOHHKVI HMCHHO B MOMCHT~ nonaAaHHfl cryCTKOB 11Y4Ka Ha MHWeHb. 

CTapT epeMR-aMn!lHTYAHoro KOHBepTopa ocy~ecTB!lRilCR VIMnynbca-

MH C ACTCKTOpa tlE l• a CTOn -
HMnyJlbCaMH C ACTCKTOpa tlE

2
• 

ny40K HOHOB 40 Ar Ha l.lHKJlOTpO

HC OMftH MMeeT MMKpocTpyKTypy, 
COCTO.A~YIO 1-13 cryCTKOB WHpi1HOi1 

~2 HC, nOBTOpRIO~VIXC.A 4epe3 

225 HC B COOTBeTCTBHH C 4ac

TOTOi1 HanpRmeHVIR Ha AYaHTax. 
C 4CJ1bl0 y4eTa (jloHa M~ per11-

PHc.l. BpeMeHHO~ cneKTp a-a 
COBllaAeHH~ Ha BbiXOAC BpeMH
aMnnHTYAHOrO KOHBCpTopa, 

HsMepeHHH B nnocKOCTH peaK~HH, 
Q1=90°. 82 =-30°. 
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CTPVIPOBaJ1M C06WTVIA M3 Tpex nocneAOBaTeJlbH~X crycTKOB 11Y4Ka. 
npMMep speMeHHoro cneKTpa npMBeAeH Ha PVIC.l. B Ka4eCTBe (jloHa 

6paJlaCb f10110BV1Ha CYMMbl .C06bJTV!i1 B IlCBOM 1-1 npaBOM OT OCHOBHOro 

nHKax. A6coniDTHan Ka!lV16poeKa 3HeprVIR VI ce4eHVIi1 ocy~ecTBilAnacb 

no VIHKJ1103VIBH~M cneKTpaM a-4aCTVI4, ,QJlR KOTOPWX AaHHWe no 3Hep

rVIAM VI ce4eHVIAM nony4eH~ s pa6oTe 191 • 

3. PE3Y11bTATbl H3MEPEH11tl 

Ha pHc.2a npVIBeAeHw AaHH~e no ce4eHVI~~ o6paaoeaHVIA ABYX a-
4acTH4 s O,QHOM aKTe ssaHMOAe~cTBHA Ag + Ar/285 M3B/, nony4eH

Hbte npVI pacnOJlOlKCHHVI TeJlCCKOna 1 nO A yr IlOI-1 90° Jl, C. K ny4KY 
VI paaH~x nonomeHVIRX TenecKona 2 • .LlVI$$epeH4VIa!lbHOe ce4eHHe o6-

paaoeaHMR cosna,qaro~VIx a-4acT114 npVI VIX perVICTPal.lVIH e OAHOi1 nnoc

KOCTH 3aMeTHO npeswwaeT AH4J$epCH4HailbHOe CC4CHVIe npVI perHCTPal.lVIVI 
a-4aCTH~ so ssaVIMHo-nepneHAMKYJlRPHbiX nnocKOCTnx. Ce4eHHe coena
ACHV1i1 OKa3WBaeTC.A B OCHOBHOM CHMMeTpV14H~M OTHOCVITCJlbHO Hanpasne

HVIR 11Y4Ka, 0AHaKO B ~6JlaCTVI SaAHVIX yrJlOB npM VI3MepeHJ.1AX B OAHO~ 
n!lOCKOCTVI CC4CHI-1e a-a -coenaACHJ.1C1 npVI 82 =+ 128 ° Ot<a3b!BaeTCA 

SaMe THO HVIme, 4CM 11p1.1 82 =-128 °, 
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Kor,qa TenecKon~ oKaswea~TcR 

pacnonomeHH~MH no paaHwe cTopo

HW ny4Ka. 5onee 4€TKO 3TOT 

3¢$eKT aaMeTeH Ha pV1c.26 VI 2s, 

rge npMee,qeH~ AHtl>$epeHUMa!lbHaR 

MHomecTBeHHOCTb a -4acn14 

dMa - d 2a cosn. I da2 - -( ),-
dill dfll·dil2 dfi2 

VI OTHOWeHMC 

ce4eHVI~ o5pasoeaHVIR cosnaAaiO~HX 

a-4aCTI14 C B~JlCTOM VIX B OAHOi1 

n!lOCKOCTM VI BO B3aVIMHo-nepneHAVI

KYilAPHbiX n!lOCKOCTRX d 2
a 1Jd 2

a.L 
COOTBCTCTBCHHO, 0WVI6KVI, yKa3aH-

PHc.2. a - AHiixPepeH~HanhHbie ce
'leHHll o6pa30BaHHH ABYX COBITaAaiO

miiX a -qacTH~ npH pacnonmKeHHH 
TenecKona I TIOA yrnoM 90° K nyq

I<Y H pasHbiX nonOJKeHHllX TenecKo

rra 2; 6 - AH~epeH~HanbHaH MHO

)I(eCTBCHHOCTh COBTiaAa!OJeyiX a -
'JaCTH~; B - OTHOillCHHC AH~epeH

~HanbHbiX ce<IeHHII o6pasoeaHHH 
COBITaA810~X a -qacTH~ C Bb!J1CTOM 
HX B OAHO~ rrnOCKOCTH H BO Bsa

HMHo-rrepiTCHAHKYJIHpHbiX nnOCKOC THX, 
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E2,ao.(f-hBI E2 Aao. (M3B) 

PHC, 3, 3HepreTHtieCKHe CITeKTpbl COBI1a,II;aiOI!1HX a -<raCTH~ p;.JUI 

01 =90° P 0 2 =+30° I1pH pacnono~eHHH TeneC~OITOB KaK B O,II;HOH 

rrnocKoCTH I a/, TaK H BO B3aHMHo-rreprreH,n;HKYJIHPHbiX nnocKoc

THX /6/. Ha rrpoeK~HJIX crreKTpOB rHcTorpaMMaMH rrpe,~cTaB
JieHbi ,n;aHHbie AJIH COBrra,n;aiOI!1HX a -qaCTH~, ITYHKTHpHbiMH JIHHHJI

MH - AJIH HHKni03HBHbiX a -qaCTH~, 

Hble Ha p~c.2, RBJIR~TCH CTaT~CT~4eCKHM~. BepO.HTHOCTb TOro, 4TO 
pa3JIH4~e B 3¢c!>eKTaX npH 02 =.±128°' CB.H3aHO JI~Wb CO CTaTHCT~4eCKHM~ 
OTKJIOHeHHRM~, COCTaBJIReT -1%. C ~enb~ nOBWWeH~R HaAemHOCT~ 
6wnH nposeAeHw ABa He3as~c~Mwx ~3MepeH~R, AaBwHe cosnaAa~~~e 
B npeAeJiaX CTaTHCT~4eCK~X OWH60K pe3yJibTaT~. 

np~ H3MepeHHRX BO B3a~MHo-nepneHA~KYJIRPHWX nnOCKOCTRX 
dMa/dU 1 s npeAenax ow~6oK OA~HaKoso AJIR ±0 2 /pHc•.26/. 3To 
ecyecTBeHHO, ~60 B HaCT~OR~e~ nocTaHOBKe OnbiTOB yrJibl ±02 np~ 

4 

~3MepeHMRX 80 B3a~MHO-nepneHAHKYJIRPHWX nJIOCKOCTRX 3KB~BaJieHTHW, 
I13MepeH~R B T04KaX 8

2 
=0°, 180° /OCb ny4Ka/ He npoBOAHJlHCb. 

Ho ct>~3H4eCKH see Hanpa~neHHH 01 =90° n.c. npM 82 =0°, 180° 3KBH
saneHTHW. no3TOMY OTHOWeHHe d 2a"/d 2 uL Ha p~c.2B AOJimHO npo
XOA~Tb 4epe3 1 np~ 02 =0°, 180°. CooTseTCTBeHHO, ce4eH~H o6pa3o
saH~R cosnaAa~mHx a -4aCTHL\ /pHc. 2a/ ~ 3Ha4eHII!H dMa/dU 1 
/pHc.26/ npH 82=0°, 1R0° AOJlmH~ coanaAaTb npM 3KCTpano!lRL\HH 
K 3T~M yrnaM AaHHWX, nony4eHH~X KaK B OAHO~ n!lOCKOCT~, TaK ~ 

BO B3aHMHO•nepneHA~KYJ1RpHWX nJIOCKOCTJ'lX, 
Ha p~c.3 npeAcTasneHw 3HepreT~4ecK~e cneKTP~ cosnaAa~~~~~x 

~ ~HKJ1~3HBHWX a-4aCT~l\ AJIR 0 1=90° ~ 02=+30° np~~t pacnonomeH~H 
TeJleCKOnOB KaK B OAHOA, TaK H BO B3a~MHo-nepneHA~KY!lHPHWX 
nnocKOCTRX. RBHO B~A~MWX pa3JIH4~~ MemAY 3HepreTM4eCKHMH cneKTpa
M~ COBnaAB~lll~X H MHKJ1~3111BHWX a-4aCT~l\ He Ha6n~~aeTCJ'l, CXOACTBO 
3HepreT~4eCK~X cneKTpOB COBnaAa~!ll~X H HHKJI~3HBHWX a-4aCTM~ 

ycTaHosneHo M AJlR APYrHx yrnos M3MepeHHR. 

4. OECYmAEHHE PE3YnbTATOB 

4.1. nonepe4HOe ce4eH~~te cosnaAeHH~ 

AaHH~e, np~~tsegeHHwe Ha pHc.2, no3BOJIR~T CAenaTb B~BOA o TOM, 
4TO yrnosaH 3aB~CMMOCTb nonepe4HOrO Ce4eHHH COBnaAeHH~ RBJIHeTCR 
B OCHOBHOM C~MMeTpH4HO~ OTHOCMTeJibHO HanpasneH~R ny4Ka, 310 
YK

1
a3biBaeT Ha TO, 4TO OCHOBHO~ HCT04H~K COBnaAa~~~X a -4aCT~l\ 

~MeeT HanpasneHMe HMnYnbca, 6n~~t3Koe K HanpasneHM~ HMnynbca 6oM-
6apA~PY~mero HOHa. 3TOT ¢aKT cornacyeTCR C BWBOAOM, CAeJiaHH~M 

B pa6oTe 19~ OCHOBHO~ BKJiaA B BWXOA ~HKJI~3HBHWX a-4aCTHL\ AaeT 
~cn~cKaH~e H3 TRmenoro nPOAYKTa peaKUH~, no o6~eMy 4~cny HyKno
HQB 6n~3KOMY K npoAYKTY nonHero cn~RHHFI Ag + Ar. 

Ha OCHOBaHH~ AaHHWX no Ce4eHHJ'lM COBnaAeHH~ a-4aCTH~ MOmHO 
Ol\eHHTb ~X cpeAHee 4MCJIO Ha OAMH aKT B3aHMOAe~CTBHR, np~BOAFI~~~ 
K BbiJieTy OAHO~ a -4aCTI1~bl nOA yr JIOM 81 ==90 °: 

Ma = 1 + ( f 
ne 

2 
d ~" m1 .dn2 

dU )/( dal (90o)) 
2 dU 

1 

"' 1,8. /1/ 

Yrnosoe pacnpeAeneHHe cosnaAa~lll~X a -4aCT~l\ s ocHOBHOM noA06Ho 
yrnOBOMY pacnpeAe!leHH~ HHKJ1~3~BHWX /eM, pHC,2/, 3HepreT~4eCKHe 
cneKTPW cosnaAa~~~x ~ HHKn~s~sH~Xa -4acTH~ TaKme 6n~3K~. 3Hepre
T~4eCKHe cnei<Tpbl H Ce4eHHH o6pa30BaHHJ'l HHKJI103HBHbiX a -4aCTHL\ 
nnaBHO MeHFI~TCJ'l C ~3MeHeH~eM yrna Ha6Jl~AeH~R jg~ no3TOMY MOmHO 
npeAnOJlaraTb, 4TO cpeAHee 4HCJIO a-4aCT~l\ Ha OAHH aKT B3aMMOAe~
CTBHR, ycpeAHeHHOe H no BCeM B03MOmHbiM 3Ha4eH~J'lM 0 1' HecymecT
B8HHO oTn~4aeTcH OT ~e!1H4~Hw 1,8, nony4eHHO~ AJIH 0 1=90°. TaKHM 
06pa30M, - 90% ~HKJI~3~BHbiX a -4aCT~l~ RBJIFI~TCJ'l pe3yJlbTaTOM o6pa-
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30BaH~R ABYX a-4aCT~~ Ha OA~H aKT B3a~MOAe~CTB~R Ag + 4°Ar 
/285 M3B/. C 3T~M B~BOAOM cornacyeTcR ~ npaKT~4eCKoe OTCyTCTBHe 
paan~4~~ s 3HepreT~4eCK~x cneKTpax coenaAa~~~x ~ ~HKI1~3~BH~x 

a-4aCT~~. 

4.2. Yrnoewe MOMeHTW 

np~ paCCMOTpeH~~ npo~eCCOB 3M~CC~~ a-4aCT~~ B peaK~~FIX C TR
}I(e!lbiM~ ~OHaMH cy~eCTBeHHO ycTaHOBHTb 30Hbl yrnOBbiX MOMeHTOB 
CTOilKHOBeHHR, KOTOpbte cooTBeTCTBY~T o6paaosaHHIO a -4acT~~. AnR 
onpeAeneHHR yrnosoro MOMeHTa RAPa, ~cnycKa~~ero a-4aCTH~~. 

~cnonbayeM nonyKnacc~4eCKH~ noAXOA, npHMeHReMw~ npH aHanH3e 
AaHHWX no 3aBHCHMOCT~ B~XOAa a-4aCTH~ OT yrna SHe nnOCKOCTH 
peaK~HH 17•111. 3Ta 3aB~CHMOCTb OnHCbiBaeTCR Bbtpa}l(eHHeM/7/: 

W((:l)- exp(1i 2(1+ '/.)2 

2· r • T 

MaR2 
M R2 · sin

2
(:1) 

a + r • 
/2/ 

rAe 8- yron s~neTa 4aCTH~~ no OTHoweHH~ K HanpasneH~~ yrnosoro 
MOMeHTa I, MaR2 - MOMeHT HHep~HH OTHOCHTeilbHOrO ABH}I(eHHR a-
4aCTH~~ BOKpyr OCTaT04HOrO RApa, r 1-1 T- MOMeHT HHep~l-11-1 H TeMne
paTypa OCTaT04HOrO RApa, B Ka4eCTBe napaMeTpa paAHYCa M~ HC
nOI1b30Bai1H r 0 =1 ,3 <I>M. T 6btnO npHHRTO paBHbiM 3 M3B s cooTseT
CTBHH CO 3Ha4eHHeM TeMnepaTyp~, onpeAeileHH~M H3 3HepreTH4eCK~X 
cneKTPOB a -4aCTH~ e 3aAHe~ nonyc<t>epe 191. nocKOilbKY Mbl He 3HaeM, 
KaKaR H3 ABYX COBnaAa~UlHX a -4aCTH~ BbtneTena nep,BO~ H, COOTBeT
CTBeHHO, onpeAen1-1na nnocKOCTb peaK~HH, M~ nposenM pac4eT~ AI1R 
o6oHx eapHaHTOB e~neTa a-4aCTH~. PeaynbTaT~ o~eHoK npHBeAeH~ s 
Ta6n~-t~e. Ha1-16onee HaAe}I(HO~ o~eHKO~ cpeAHeKBaApaTH4Horo SHa4eHMR 

MoMeHTa I =v (I+'h) 2 cneAyeT C4HTaTb AaHHbte AI1R (:12=-90°, rms 
KOrAa B H3MepeHHRX o6a Te!leCKOna reOMeTpH4eCKH 3KBHBaneHTHb~ 

no yr IlOBbiM pacnpeAe!leHHRM HHKI1~3HBHbiX a -4aCTH~ B 3aAHe~ nony
c<t>epe, nony4eHH~M s pa6oTe/91, MO}I(HO nposecTM HeaaBHCMM~e o~eHKH 
yrnOBOrO MOMeHTa, M~ HCnOI1b30Bai1H nonyKnaCCH4eCKOe' COOTHOWeHHe 
H3 pa60Tbl I 12/: 

1 ll R2. h2 . I2. 
W((:l)-1+-· a .. p

2
(cos8), 

3 2·r2·T 
/3/ 

rAe (:}- yron BbiileTa 4aCTH~ no OTHOWeHH~ K OCH ny4Ka, P2 (cos(:}) -
nOilHHOM ne}l(aHApa BTOPO~ CTeneHH, npvt TeX }l(e 3Ha4eHHRX napaMeTpOB 
fQ H T, 4TO MCnOI1b30Bai1HCb 8 COOTHOWeHHH /2/, M~ nony4HI1H 
cpeAHeKBaApaTH4Hoe 3Ha4eHHe MOMeHTa Irms= 52±7t. 

B CI1y4ae COOTHOWeHHR /2/ O~eHKH Irma OTHOCRTCR K RAPY, OTI1H-
4a~UleMyCR OT ~POAYKTa nOilHOro CI1HRHHR Ha a-4aCTH~y. B CI1y4ae 
cooTHoweHHR /3/ AI1R Hawe~ nocTaHOBKH on~Ta Irms npeACTaenReT 
co6o~ HeKoe cpeAHee, AI1R npOAYKTa nOilHOrO CJlHRHHR 1-1 npOAYKTa, 

6 

Jr 

lfl 
\j 

Taomu~a 

Ou;eHKH YI'J10BOI'O MO~eHTa ITO OTHOmemuo COBIIa,[\eHHH 

B 0,[\HOH IIJ10CKOCTH. H BO B3aHMHO -nepneH,[\HKYJ1Jif>Hb!X 

IIJ10CKOCTHX 

,02 ,rpa,[l 
2 . 2 d l}j

11
jd o.l I ~ms' t 1 r~;s ,t" 

+30 1,41+0,16 36+7 53+10 
-30 1,4o+o,l6 36+7 53"+10 
+52 I, 72"+0,32 46"+10 47"+10 
-QO I, 70"+0, 18 46"+5 46"+5 
+128 0,81"+0, 13 
-128 1,54:!:0,23 41+9 64+15 

* IIJ10CKOCTh peaKIJ;HH sa,[\aHa OCb!O nyt~Ka H TeJieCKOIIOM 2 
** IIJ10CKOCTh peaKIJ;HH 3a,[\aHa OCh!O nyt~Ka H TeJ1eCKOIIOM I , 

OTI1H4a~UlerocFt OT Hero Ha a -4acTHUY. CornacHo11 31, a -qacTH~a 
B HaWHX YCI10BHRX yHOCHT yrnOBO~ MOMeHT -lOt. C y4eTOM 3TOrO 
o6cTORTe!lbCTBa AaHH~e AI1R Irms, nony4eHH~e c noMO~bro cooTHowe
HHR /2/ AI1R 62 =-90° 1-1 C nOMO~b~ COOTHOWeHHR /3/, MO}I(HO C4HTaTb 
xop'owo cor nacy~lllHMkCR. 

B pa6oTe 1 14/ ~o cyMMe ce4eHM~ o6pasosaHHR nPOAYKTOB ~-tcnapeHMR 
HYKilOHOB H AeneHHR e CHCTeMe Ag + 40Ar/288 M3B/ 6bt!lo nonytteHo, 
4TC( I<PHTM4eCKH~ yr J10BO~ MOMeHT AI1R nOilHOrO CI1MRHMR f cr =1 08.:!:_ 
.:_8'11. 0AHaKo B 3TO~ pa6oTe He yttTeH BKilaA OT peaK4Mi1 c o6pasoea
HHeM npRM~X a-4aCTM4, npOTOHOB, Aei1TpOHOB, TpMTOHOB, CYMMa 
Ce4eHHi1 KOTOPWX OCTaB!lReT -480 M6H 191 . B CileAY~UleM pa3Aene 
Hawei1 CTaTbH noKa3aH0 1 4TO o6pa30BaHMe 3THX 4aCTH~ C 60I1bWOi1 
BepORTHOCTb~ MO}I(eT conpOBOmAaTbCR SaXBaTOM OCTaTKa MOHa RAPOM
MYIUJ€Hbl0, C y4eTOM :HOrO Bem14MHa £ cr CTaHOBHTCR paBHOi1 - 851i • 
TaKoe 3Ha4eHHe HaXOAHTCR s YAOBneTBOPMTenbHOM cornacHM c pac-
4eTHbiM 3Ha4eHMeM f cr =75-80 t /lo/, 

nony4eHHWe HaMH 3Ha4eHMR Irms AI1R RAep, HCnycKaiOUlHX a-4aCTM4~. 
MHOrO MeHbWe f 0 r,.0TCIOAa C!leAyeT, 4TO peaK4MH rny60KOHeynpyrHX 
nepeAa4 HYKilOHOB, npoTeKaiOUlHe npM yr!lOB~X MOMeHTax, 6nH3KHX K 
fer, He AaiOT CYIJ1eCTBeHHoro BKilaAa B BbiXOA cosnaAaiOU\HX a -qacTH~, 

CpeAHeKBaApaTH4Hw~ yrnoeo~ MOMeHT coc~asHoro RAPa npH fM = 
=85 t paseH - 60 1i, 4TO 6JlH3KO K noJly4eHHOMY HaMH 3Ha4eHHIO I rm 

8 
npvt Ce4eHHH o6pa30BaHMR a -qacTH~ C CHMMeTpM4HbiM yr IlOBbiM pacnpe
Ae!leH~eM 1200 M6H 191 H CPeAHei1 MHO}I(eCTBeHHOCTbiO -1,8 AManaSOH 
BXOAHbiX yr IlOElbiX MOMeH;ros B o6naCTH e < f cr, Aai01J1HX BI<IlaA B 3TO 
ce4eHHe, TaK}I(e npaKTH4ecK~ cosnaAaeT c AManasoHoM yrnoswx MoMeH
TOB cocTaeHoro RAPa npM nonHOM cnHRHHH. TeM He MeHee, KaK 6wno 
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ycTaHOBJleHO 8 19< BbiXOA £l -4aCH1l.\ C CII!MMeTpi-14HbiM YIJlOBbiM pacnpe
gen~HHeM npes~waeT om111gaeM~A cornac~o pac4eTaM no cTaTHCTII!4ec

KoA MOAeJlll! HCnapeHI'!fl H3 COCTaBHOIO Hgpa, Bo3MOmHOA npH411!HOA 
3TOIO MOmeT 6~Tb yseJl11!4eHII!e K03QJQJH~II!eHTOB TpaHCMII!CCII!II! a-4aCTM~ 

npM y4eTe Ae¢opMa4111111 HAep C BWCOKII!MIII JIJlOBWMM MOMeHTaMM 1161. 

0gHaKO 3TOT 3QJ<!JeKT pe3KO 3aBVICMT OT BeJlM411!Hbl yr JlOBOIO MOMeHTa 

H Ha116onee RPKO AOJlmeH npoHBJlHTbCH J1HWb np111 E 2: P.cr'no3TOMY HaM 
npeACTaBJlHeTCH, 4TO nos~WeHHWA BWXOA a-4aCTVI~ MomeT 6WTb CBR3aH 

C pacnagOM a-KnacTepHOA KOHQJVIIypa~VIVI ABOAHoA HgepHoA CHCTe-

l ! 

! ' 

Mbl /9,16/, TaKafl KOHQJV1rypal.li-1R MOmeT (jlopMVIPOBaTbCFI B npOL\eCCe 
nepeAa4H HyKJlOHOB B IIICXOAHOA CMCTeMe HOH+MHWeHb npH ee 380Jl~

~KH I< nonHo~IY CJ1HRHVI~ B cny4ae BXOAHbiX yr JlOBbiX MOMeHTOB f < Ecr 
C 3TOA T04KIII 3peHHR cy~eCTBeHHaR 4aCTb a-4aCTVI4 C CHMMeTpM4HWM 

OTHOCHTeJlbHO 90° C.l.l,M. YlllOBWM pacnpeAeJleHMBM MCnycKaeTCH HA
pOM AO AOCTKmBHMH nOJlHOIO CTaTMCTII!46CKOIO paBHOBBCMfl, 3TO Haxo
AHTCFI 8 COOTBeTCTBKM C PRAOM 3KCnepHMeHTaJlbHWX QJaKTOB, OTMe4eH

HWX ~ pa6oTe/9~ a 4aCTHOCTM, noswweHHWM 3Ha4eHII!eM RABPHOA 
TeMnepaTypw, onpeAeneHHWM 1113 HaKnoHa 3HepreTII!4BCKII!X cneKTpos 

a -4aCTII!I.l B o6naCTIII BWWe KYJlOHOBCKOIO 6apbepa. 
KaK BIIIAHO H3 Ta6nii!I.IW, Allfl yrna 82=+30°, rAe cy~ecTBeHHWA 

I~ 40%/ BKJlaA s ce4eHII!e AaiOT BbiCOK03Hepr11!4Hble 4aCTIIII.Ibl .c Hanpas

neHHbiM snepeg yr JlOBbiM pacnpeAeneHHeM, I rms npat<TM4BCKVI coenaAaeT 

c lrms AllH APYIIIIX yrnos, ecn111 B3HTb cpegHII!e seniii4MHW Allfl aaAaHMA 
nnocKOCTVI peaK~MIII pa3HWMIII TenecKonaMVI, OgHaKo, nocKOJlbKY nonHoe 

ce4eHII!e o6paaoeaHMfl HanpasneHHWX snepeA a -4aCTHll cocTasnAeT 
JlHWb ~ 17% OT nOJlHOIO Ce4eHIIIfl o6pa30BaHVIfl BC8X a -4aCTHI.l, fl.Hana-

30H BXOAHWX YIJJOBWX MOMBHTOB, npiiiBOAfl~VIX K o6pa30BaHH~ 3TIIIX 4ac

TIIII.l, AOJlme~ cy~eCTBBHHO TeCHee rpynnvtposaTbCH OKOJlO nony4eHHOrO 
HaMill cpegHero 3Ha4eHHH. 3To yKaa~saeT Ha 6onee KpaesoA xapaKTep 

CTOJlKHOBBHHA IIIOH+MIIIWeHb, npHBOAA~MX K o6pa30BaHM~ HanpasneHH~X 

snepeA a-4aCTIIII.l. 

4. 3. Pasnlll4vte sepoHTHOCTIII cosnaAeHVICi npM 8 2 =~128 o 

Pa3JlV14He sepORTHOCTIII cosnageHMA a -4aCTVII.l rlPI-1 e2 =.:!.:_128 ° B VI3Me

peHIIIAX B OAHOA nllOCI<OCTH COCTaBJlfi8T B8Jliii4MHY OKOJlO ABYX /CM. 
~ j 

piiiC. 2/, JJ.nR CVICT8Mbl Ag + 'Ar /285 M3B/ OTKJlOH8HMe OT OCVI ny4!<a l 
HanpaBJl8HII!fl Rgpa OTga4VI, flBJlfl~~erOCA npOAYKTOM nOJlHOro HJlVI n04H1 

nonHero cniiiAHI-lfl, nocne BbiJleTa a 11106oM HanpasneHHVI a -4aCTHI.Ibl co 1 
CPBAHIIIM no CnBKTPY 3Ha4eHV!eM KHHeTIII4eCKOCi 3HeprMIII He npeswwaeT ' 

5° Il.C. CornaCHO AaHHbiM 191, B o6naCTII! 8 =130° na6opaTOpHOe yrnosoe • 

pacnpegeneHvte a -4aCTIIII.l MeHAeTCH cna6o ( da I dO ( 120") =68 M6H/cp ,· 

da/dO (140") =61 M6H/Cp ), no3TOMY 3QJQJeKTaMIII OTAa4H nocne BbiJleTa 
a -4aCTVII.lbl 06bFICHIIITb pa3JlH4He B 4MCJle COBnageHHA npM 82 =.:!.:_128 ° 

He ygaeTCH. 
B pa6oTe 181 noswweHHaR sepoATHOCTb cosnageH111Ci nerKIIIX 4aCTH~ 

npM HCnycKaHIIIIII HX no pa3HWe CTOPOH~ ny4Ka B OAHOA nJlOCKOCTH 
s clllcTeMax 27 Al +16 0 /31 0 M3B/ H 197 Au+16o /310 M3B/ 6blna o6cHCHe-

8 

Ha 3a C4eT MX MCnycKaHIIIfl M3 ABHmy~eiOCfl B CMCTeMe o6~ero ~eHTpa 
Mace HCT04HMKa. B HaWeM CI1y4ae MHKJl~311!BHWe 3HepreTIII4eCKHe 

cneKTPbla-4aCH11.1 B o6JlaCTIII YIJlOB 8 :>90° He AaiOT YKa3aHIIICi Ha . ~ 

IIICnycKaHIIIe 3aMeTHOA 4aCTM peiiiiCTpvtpyeMWX 4aCTH4 M3 ABMmy~eiOCR 

B .CMCTeMe o6~ero l.leHTpa Mace MCT04HIIIKa /9/. 

B pa6oTe /17/ nplll MCCI18AOBaHVIIII cosnaABHMA a -4aCTML\ C JleiKMMVI 

$parMeHTaMH peaKI.IIIIA nepega4 HYKJlOHOB B CMCTeMe 93Nb+ 32 S 
/313 M3B/ 6wno ycTaHosneHo noHvtmeHIIIe sepOHTHOCTVI cosnaAeHIIICi s 

HanpaBJlBHMIII BbiJleTa nerKOIO <!JparMeHTa 3a C4eT AAePHOA 3KpaHIIIPOBKIII 

a -4aCTVIL\ TRmenoro ¢parMeHTa HaXOAH~HMCR no6nvt30CTIII oT Hero ner
KMM $parMeHToM. BosMomHo, 4TO Ha6n~gaeMoe HaMM noHvtmeHIIIe sepor~T

HOCTM a-a cosnaAeHvtA npM e2 =+ 128° TaKme CBH3aHo co csoeo6paa

HbtMVI 3QJQJeKTaMIII RA8PHOA T8HI'I, 0AHaKO ,B OTJ1M4He OT pa60Tbl /17/, HaM 

Hago npeAnOilOmMTb, 4TO T8Hb C03gaeTCH KOHQJ111rypa1.1111eA AABP, HaXOAH

~HXCFI B KOHTaKTe. JJ,e110 B TOM, 4TO nOHvtmeHIIIe KYJlOHOBCKOIO 6apbepa 
AllH a -4aCTMI..l sa c4eT yMeHbWeHIIIR aToMHoro 'HOM epa 11!3ny4aTenA M 3¢

¢eKTbl OTAa4YI npvt BWJleTe B OAHY CTOpOHY nert<OIG <!JparMeHTa VI a -
4aCTMI.IW 1113 conpAmeHHOrO TBmeJlOIO QJparMeHTa AOllmHW ~pVIBeCTM K cy

~eCTBBHHOMY CMfll4eHHIO 3HepreTV146CKOIO cneKTpa a-4aCTHI.l, 4TD He 

Ha6ntoAallOCb 8 3KCnepvtMeHTe. 
06HapylKeHHblfi 3QJQJeKT pa3Jli.14111FI. BepOHTHOCTM COBnaAeHVIA Ha +128 ° 

Tpe6yeT AaJlbHeAWHX IIICCJleAOBoHMCi, B 4aCTHOCTH, 6o11ee noAp06HOIO 

H3MepeHHA yr JlOBbiX pa2"npeAeneHMA cosnaAaiO~IIIX a -4acn1t.1. 

4.4. MaccMBHwe nepeAa4H s peaK~MRX c MOHaMH 4°Ar 

B KoppenRI.IHOHHbiX 3KcnepMMeHTax 6btno ycTaHosneHo, 4TO AJlR 
IIIOHOB OT lOB AO 20 Ne c 3HePrMeA b-8 M3B Ha HYKJlOH OCHOBHOA 
BKllaA a ce4eHIIIe o6paaosaHMH a -4aCTIIII.l c HanpasneHHbiM snepeA 
yr nosbtM pacnpegeneHMeM AaiOT TaK Ha3btsaeMbte "MaCCIIIBHbte" nepeAa4VI, 

B KOTOP~X flApO-MIIIWeHb 3aXBaTWBaeT OCTaJlbHWe HYKJlOHW HaJleTa~~ero 

AAPa /lSI. J],oMMHHposaHvte 11MaccMBHbiX11 nepega4 s BbiXOAe 3TIIIX a -

4aCTIIIL\ CBfl3WBaJlOCb CO 3Ha4MTeJlbHOA BBJlH4111HOA a-KoMnOHeHTW 
B CTpyKType JleiKMX flAep, 

nony4eHHbte HaMill AaHHble AJlA a-a cosnaAeHVICi yKa3brBa~T Ha TO, 

4TO H B peaKI.llllflX C MOHaMIII 40 Ar 11MaCCHBHble11 nepeAa4M MOIYT gasaTb 

cy~eCTBeHHWA BKJlaA B VIHKJ1~3MBHWe Ce4eHHR o6pa30BaHVIfl a-4aCTIIII.l 
c·HanpasneHHWM snepeA yrnoswM pacnpeAeneHHeM. H3 HaweA pa6oywl9/ 

CllBAyeT, 4TO Allfl yrna 30° Ha AOJl~ 3TIIIX a-4aCTIIII.l npiiiXOAVITCfl -40% 
HHKJl103VIBHoro ce4eHIIIR o6pa3oBaHMR a-4aCTMI.l. Yrnoswe pacnpeAene-

HHR COBnaAa~~MX H MHKJ1~3VIBHWX a-4aCTHI..l OKa3aJ1111Cb CXOAHWMIII 
I CM. p111c. 2/. JJ.nR cpeAHeA MHomecTBeHHOCTH a -4aCTVILI -1 , 8 BbiJleT 
HanpasneHHoA snepeg a-4aCTM~w conpoaomgaeTcH B 6onbWVIHCTBe cny-
4aes BWJleTOM e~e OAHOA a-4aCTMI.IW. nplll 1113MepeHHAX nOA yrnaMVI 
+30° nepswA TenecKon pacnonarancA nog yrnoM 90°. H3 pHc.3 BIIIAHO, 
- 0 
4TO nog YIJlOM 90 IIIHKJ1~3111BHWe 3HepreTH46CKHe cneKTPW M 3HepreTM-

4BCKHe cneKTPW cosnaABHIIIA OAMHaMosw. MaKCMMYMW 3TMX cneKTpos 
COOTBeTCTBYIOT KYJlOHOBCKOMY 6apbepy npOAYKTa nOJlHOIO Mlllll n04TII! 
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nonHero cnHRHMR. HMeHHO TaKoA 3HepreTH4eCKHR cneKTP AnR a-4ac
THLI, conpoemt<AaiOli.IHX BbiJ1eT a -4ac n11~ c HanpaeneHHbiM enepeA yr no
BWM pacnpeAeneHMeM, MOlliHO OlliMAaTb B 1 ~aCCHBHWX11 nepeAa4aX. 
YKa3aHMe Ha AOMHHHPYIOli.\HA BKJlaA 11MaCCHBHbiX11 nepeAa4 B Ce4eHHe 
o6pasoBaHHR HanpasneHHWX snepeA a-4aCTHll AI1R pe~Kl\HA C HOHaMH 
40 Ar 6bii10 nony4eHo TaKme s pa6oTEI 19/ npH IIISMepeHHH KOppenRLIMA 

197 40 
MeX<AY a -4aCTHUaMH Ill OCKOJ1KaMM AelleHI-1R B peaKL\HH Au + .Ar 

/340 M3B/. 
B pa6oTe 1201 npH H3y4eHHH o6pasoeaHMH a-4aCTHll B npolleccax 

11MaCCHB'HbiX11 nepeAa4 npH o6Jly4eHHH 124Sn HOHaMH 160, 19F, 20Ne 

6WJ10 ycTaHOBJ1eHo, 4TO CpeAHHA BXOAHO~ yrnoso~ MOMeHT AnR 3THX 
npOL\eCCOB COCTaBnReT OKOnO nOJlOBHHbl OT f cr AI1R nonHOrO CJ11-1RHHR. 
HawH AaHHble AI1R yrna e2 =:!:30° /eM. pasAen 4,2/ cornacyiOTCR 
C 3THM SaKJ1104eHMeM, 

BbiBOAbl 

1 . - 90% HHKniOSHBHWX a-4aCTML\ RBnRIOTCR pesynbTaTOM 06paSOBaHHR 
ABYX a -4aCTHll B OAHOM aKTe B3aHMOAeAcTBHR Ag + 40Ar /285 M3B/. 

2. 0CHOBHWM MCT04HHKOM a-4aCTHL\ C CHMMeTpH4HWM OTHOCMTeJlbHO 
90° C.l\ .• M. yrnOBbiM pacnpeAeJ1eHHeM .FIBnReTCR TR>t<eJ1bl~ npOAYKT, 
6nM3KM~ K npOAYKTY no~Horo CJlHRHHR CO CpeAHeKBaApaTH4HWM 
3Ha~eH~eM yr nosoro MOM.eHTa ~.50 if. · 

3. AaHHble no a-a KoppeJlRLIHRM yKaSbiBaiOT Ha o6pasoeaHHe a -4ac
THLI c HanpaeneHHbiM snepeA yrnoawM pacnpeAeneHMeM sa c4eT npo
ueccoe 11MaCCHBHbiX11 nepeAa4 HYKilOHOB. 

4. BepoRTHOCTb perHcTpal\HM coenaAaiOli.IHX a-4aCTHU a OAHO~ 
nilOCKOCTM 

0 
npM HX ~biJieTe no OAHY CTaPOHY OCM ny4Ka npH 8 l =90 ° 

Ill 82 =128 HHme, 4eM npH BWileTe HX npH TeX me yrnax no pa~HWe 
CTOpOHbl nyl!Ka. 

ABTOPbl swpamaiOT rny6oKyiO 6naroAapHOCTb aKaAeMHKY r.H.$nepoey 
sa CTHMYnHPYIOli.IMA HHTepec K pa6oTe. 
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ApTrox A.r. rr ~p. P7-82-707 
KopperrH~HH ~BYX arrb¢a-~aCTH~ rrprr B3BHMo~eHCTBHH natAg+40Ar 
/285 M3B/ 

HsMepeHbi yrJIOBbte H 3HepreTH~eCKHe Koppenm.r,HH ~Byx a -~acTH~ 
B O~HOH IIJIOCKOCTH H BO B3BHMHO-neprreH~HKYJIHpHbiX IIJIOCKOCT5IX, 
C~eJIBHbi o:u;eHKH yrnosoro MOMeHTa TJDKenoro npo~yKTa peaK:u;HH, 
5IBJ1HID!llei'OC.fl OCHOBHb!M HCTO~HHKOM a -l{BCTHIJ;, flony~eHbl YI(a3BHlfH 
Ha MexaHH3M 

11
MaCCHBHbiX rrepe~atr 11 HYKJIOHOB C HOHaMH 40 Ar. B o6-

naCTH 3a~HHX YI'JIOB B O~HOH IIJIOCKOCTH YCTaHOBJieHO 110HHJKeHHe 
Bep05ITHOCTH COBIIB~eHHH a -~aCTHIJ; IIpH HX BbJJieTe ITO O~Hy CTOpOHy 
rry~Ka, 

Pa6oTa BbliiOJIHeua B J1a6opaTopHH H~epHbiX peaK~HH OI151lL 

npenpHHT 06beAI1HeHHOf'O 11HCTI1TyTa RAePHbiX 11CCJleAOBaHI1H. Jly6Ha 1982 

Artukh A.G. et al. P?-82-707 
Correlations Between T<.vo Alpha-Particles in the Interaction 
of 40Ar Ions with nat Ag at 285 MeV 

In the reactionnatAg+40Ar (285 MeV) the angular and kinetic 
energy correlations between two a -particles in one plane and 
in two reciprocally normal planes have been measured. The 
angular momentum value has been estimated for the heavy reacti
on product which is the main source of a -particles. Evidence 
for "massive" transfer reactions induced by 40 Ar ions has been 
found. It has been established that the a-particle coincidence 
probability decrensos if a -particles nrc emitted at backward 
angles ~n ono plana nnd nn one banm side • 

'L'ho invoHI:ir,ni:lon 11nn ltucm pt1rPormMl nc t:lw Lnbornt:ory nC 
Nuclcnr RcnctionR, JINR. 
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